Association of Coagulation factor V (F5) polymorphisms with the occurrence of many types of cancers has been widely reported, but whether it is of prognostic relevance in some cancers remain to be resolved. The RNA-sequencing dataset was downloaded from The Cancer Genome Atlas (TCGA). The potential of F5 genes to predict the survival time of gastric cancer (GC) patients was investigated using univariate and multivariate survival analysis whereas "Kaplan-Meier plotter" (KM-plotter) online tools were employed to validate the outcomes. TCGA data revealed that F5 mRNA levels were significantly upregulated in gastric cancer samples. Survival analysis confirmed that high levels of F5 mRNA correlated with short overall survival (OS) in gastric cancer patients, and the area under the curve (AUC) values of 1-, 2-, and 5-year OS rate were 0.554, 0.593, and 0.603, respectively. Survival analysis by KM-plotter indicated that the high expression of F5 mRNA was significantly associated with a shorter OS compared with the low expression level in all patients with GC, and this was also the case for patients in stage III (hazard ratio ðHRÞ = 1:78, P = 0:017). These findings suggest that the F5 gene is significantly upregulated in GC tumour tissues, and may be a potential prognostic biomarker for GC.
Introduction
Gastric cancer is the 5th most common malignancy globally and is the 3rd most lethal among all cancers; its incidence varies across regions [1] . Despite recent advances in the diagnosis and treatment methods of cancer, stomach cancer remains the 2nd leading cause of death among all cancers in China [2] . Moreover, it has inconsistent therapeutic response and prognosis at various stages because of high tumour heterogeneity. Investigation of the molecular mechanism of cancer invasion, metastasis, occurrence, and prognosis from a genomics perspective, which might provide highly sensitive treatment approaches, is therefore highly desirable. This may lead to the identification of new prognostic and diagnostic indicators and therapeutic targets.
F5 (Coagulation factor V) is a circulating high molecular weight (330 kDa) procofactor which plays a role in the blood coagulation cascade. When activated, it functions as a cofactor that activates coagulation factor X to convert prothrombin to thrombin [3] . In malignancy, activation of coagulation and fibrinolysis is frequently detected. Increasing evidence has indicated that activation of the coagulation system is associated with a higher risk of invasion, metastases, and eventually, worse outcome. In other words, activation of the coagulation system is beneficial to tumour development [4] . Miller et al. found that long-term activation of the coagulation pathway promotes tumourigenesis in the digestive tract in males [5] . Numerous studies have investigated the association of the F5 polymorphism with the risk of multiple cancers, such as colorectal cancer and gastric cancer [6] . So far, fewer studies have investigated the relationship between F5 and cancer prognosis, including gastric cancer, in which changes in the coagulationfibrinolytic system are often present. The association of the F5 expression level with the survival time of patients with basal breast cancer has been reported by a single study by Tinholt et al. [7] . Accumulating evidence suggests that various clotting system factors may influence the prognosis of cancer patients [4, [8] [9] [10] [11] [12] . However, the role and mechanism of F5 gene expression in the prognosis of cancers are still unknown.
The Cancer Genome Atlas (TCGA) database contains molecular data of more than 20,000 primary cancers and paired adjacent samples covering 33 cancer types. An RNAsequencing (RNA-Seq) dataset from TCGA was used to determine the impact potential of the F5 gene to predict the prognosis of GC patients. The "Kaplan-Meier plotter" database, which contains the gene expression profile of 1,400 GC patients and follow-up information from the Gene Expression Omnibus (GEO) were used to validate the results obtained from TCGA database.
Materials and Methods

Survival Analysis and Diagnostic Value of the F5 Gene.
The RNA-Seq count dataset and matched clinical information of stomach adenocarcinoma (STAD) were downloaded from TCGA (https://portal.gdc.cancer.gov/; December 15, 2018) [13] , and then the RNA-Seq count dataset was normalized by the DESeq package [14] . The data of GC patients was subcategorized to two groups based on the median of the gene expression level. The prognostic value of the F5 expression and the clinical characteristics were initially evaluated using the logrank test and univariate Cox regression model to identify significant prognostic factors for GC. Multivariate Cox regression was performed to confirm the role of genes by adjusting for age, TNM stage, radiation therapy, targeted molecular therapy, and residual tumour. Subsequently, stratified analysis was conducted based on the clinical parameters to further investigate the relationship between differential expression of this gene and clinical parameters by univariate and multivariate analyses. Lastly, the KM-plotter database (http://kmplot.com/private/; June 15, 2019), which automatically subgroups the submitted gene into high-and low-risk groups by the median value, was used to generate KM survival plots for the F5 gene with multiple clinical parameters such as stage TNM, Lauren classification, differentiation, and HER2 status. Next, a survival risk map was plotted and a receiver operating characteristic (ROC) curve analyses were performed to evaluate the accuracy of F5 in distinguishing adjacent or tumour tissues. The prediction accuracy of the F5 was determined by survival-ROC in R software.
Comprehensive Analysis of Genome-Wide Coexpression of F5.
To further explore the expression-regulation relationship between F5 gene and other genes, genome-wide coexpression analysis was carried out using corrplot package in the R 3.5.1 platform. Coexpression relationships were deemed significant using the standard P value < 0.05 and jrj > 0:2 as the cut-off values. Subsequently, the DAVID (https://david .ncifcrf.gov/home.jsp) database was used for Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses to determine the biological processes associated with these genes [15] .
2.3. GSEA Analysis. The data were categorised into high-and low-expression groups based on the median expression level of F5 gene and GSEA (http://www.broadinstitute.org/gsea/ index.jsp) was then performed to explore the potential biological mechanisms that underlie the prognostic role of F5 [16, 17] . c2(v6.2) and c5(v6.2), obtained from a gene set database, were used to investigate the biological processes in patients with high or low expression of F5 genes. Biological processes were considered to be significantly enriched if they met a threshold of normalized P < 0:05.
Statistical Analysis.
Logrank test was used to calculate OS and the P values for clinical characteristics including F5 gene. 
Results
The Expression Level and Diagnostic Value of F5 in
Gastric Cancer. The RNA-Seq dataset of 351 GC patients from TCGA were included in current study. The distribution of F5 gene differed significantly between adjacent tissues and tumour tissues, as well as in different stages as revealed by the scatter diagram (Figures 1(a) and 1(b)).
The ability of F5 to distinguish adjacent tissues from tumour tissues was medium (AUC ð95%CIÞ = 0:705 (0.619 −0.790) and Figure 1 (c)). Table 1 . The clinical features including age (n ð<60Þ = 108 vs. n ð≥60Þ = 240), TNM stage (n ðstage IÞ = 47 vs. n ðstage IIÞ = 109 vs. n ðstage IIIÞ = 147 vs. n ðstage IV = 35Þ), Pathological M (n ðM1Þ = 312 vs. n ðM0Þ = 24), Pathological T (n ðT1/2Þ = 91 vs. n ðT3/4Þ = 256), cancer status (n ðnoÞ = 206 vs. n ðyesÞ = 118), radiation therapy (n ðyesÞ = 62 vs. n ðnoÞ = 266) and targeted molecular therapy (n ðyesÞ = 151 vs. n ðnoÞ = 175) were obtained and included in the multivariate Cox regression model after univariate survival analysis (Table 1 ). It was found that the high expression of the F5 gene was significantly correlated with the shorter survival rate of GC patients, poor prognosis (high vs. low; median survival time (MST): 22 months vs. 38 months), and high risk of death (crude P = 0:024, crude HR ð95%CIÞ = 1:457 ð1:048, 2:025Þ, Table 1 , Figure 2 ; adjusted P = 0:036, adjusted HR ð95%CIÞ = 1:533 ð1:029, 2:284Þ, Table 2) ). The results of gene expression and survival time of the patients and the expression heat map of F5 gene are presented in Figures 3(a)-3(c). The stratified results are shown in Table 3 . Compared with the lowexpression group, the high-expression group, comprising patients with pathological T3/4 (adjusted P = 0:03), pathological M0 (adjusted P = 0:049), stage IV (adjusted P = 0:031), GC patients treated with radiation therapy (adjusted P = 0:016), targeted molecular therapy (adjusted P = 0:03) and cancer-free survival (adjusted P = 0:007), had poorer prognosis. Notably, combining these clinical features and F5 improved the prognostic accuracy for GC OS. Timedependent ROC curves were plotted to assess the prediction 3.3. KM-Plotter Survival Analyses. Subsequently, the F5 gene was submitted to the KM-plotter online website. The affymetrix ID 231029_at was employed to further explore the prognostic potential of the F5 gene by assessing its correlation with various clinical variables of GC patients. As shown in Figure 4 and Table 4 , a favourable OS was observed in all GC patients with a high expression of the F5 gene (HR ð95%CIÞ = 1:43 ð1:1 − 1:88Þ, P = 0:0085, Figure 4(a) ). GC samples were subcategorized according to the variables for survival analysis. Briefly, samples were divided into TNM stage, Lauren classification, differentiation, etc. It was found that the F5 gene could predict the prognosis of subjects in stage III (HR ð95%CIÞ = 1:78 ð1:1 − 2:87Þ, P = 0:017, Figure 4(d) ). However, the remaining clinical features had no statistical significance on OS between the high F5 gene expression and low-expression groups (Figures 4(b) , 4(c), 4(e), and 4(f) and Figures 5(a) -5(f)).
Survival Analyses Using F5 Gene. The baseline information of 351 GC patients is listed in
Genome-Wide Coexpression Analysis
Result. A total of 590 coexpressed genes were identified by coexpression analysis, and the results of the enrichment analysis are presented in Figure 6 . Notably, the GO analysis indicated that coexpression of the F5 gene was mainly enriched in protein binding, cytoplasm, integral component of the membrane, extracellular exosome, ATP binding, and oxidation-reduction process (Figure 6(a) ). KEGG analysis revealed that the F5 gene was enriched in pathways such as metabolic pathways, biosynthesis of antibiotics, drug metabolism-cytochrome P450, and adherens junction ( Figure 6(b) ).
3.5. GSEA. The results of single gene set enrichment analysis are shown in Figure 7 . In the c5 category, the F5 gene was enriched in the Notch signalling pathway (Figure 7(a) ), apical plasma membrane (Figure 7(b) ), apical part of cell (Figure 7(c) ), and membrane lipid biosynthetic process (Figure 7(d) ) in the GO dataset, while in the c2 category, the F5 gene was associated with reactome glycerophospholipid biosynthesis (Figure 7 (e)) and glycerophospholipid metabolism (Figure 7(f) ) in the KEGG dataset. This indicates that the potential mechanisms of F5 are likely mediated through their influence on the tight junction among cells and the glycerophospholipid metabolism pathway.
Discussion
Previous studies have reported that cancer-induced hemostatic activity promotes tumour growth and metastasis in patients. It has also been demonstrated that tissue factor (TF) regulates VEGF synthesis and enhances its level in tumour cells [4, 18] [19] . Activation of F5, a Janus-faced protein in the coagulation cascade, not only promotes the production of thrombin as the cofactor of FXa but also inactivates FVIIIa and FVa as anticoagulant cofactors of the activated protein C (APC) [3, 20] . So far, few studies have explored the prognostic value of the F5 gene expression in F5 has been found to be an oncogene. Tinholt et al. analysed a cohort of 1100 breast cancer samples from TCGA and found that the expression of F5 mRNA was about 2-fold higher in breast tumours compared to normal tissues, and its expression increased in patients with late stage tumours [7] . Klee et al. also found that the F5 gene was upregulated in cancer tissue compared to nonneoplastic prostate tissue [21] . Here, we show that F5 is highly expressed in gastric cancer tissue and this strongly correlates with advanced TNM stage and shorter OS. The ROC curve reveals that the F5 gene can distinguish tumour from normal tissues with an AUC of 0.705. These findings indicate that F5 may be a possible therapeutic target for GC.
A couple of previous studies have reported the F5 gene as a risk marker of cancer. For instance, Vossen et al. demonstrated that the F5 gene polymorphism is associated with the susceptibility to colorectal cancer in a German population compared with controls, and similar results were obtained for breast cancer [22, 23] . However, other researchers found that F5 is not a risk factor for cancers such as gynaecological and oral cancers and gliomas [24] [25] [26] [27] [28] . Thus, it is likely that F5 may contribute to tumourigenesis. Interestingly, our study shows that the high expression of F5 is correlated with a poor OS in GC, and this contradicts a previous study in which high F5 expression improved OS for the basal type of tumours in breast cancer according to the KM-plotter website [7] . However, this could have been caused by failure to exclude other confounding factors and the use of only univariate survival analysis in the study. A comprehensive analysis of F5 in gastric cancer is therefore advocated. Further analysis using the KM-plotter survival analysis was performed revealing that the high expression of F5 correlated with shorter OS for all GC samples and stage III GC. Remarkably, no statistical significance is observed in the rest of the clinical features in the KM-plotter database, but the HR of these variables is higher than one, indicating a high risk of death. For patients in stage III, the P value of survival analysis determined by KM-plotter was less than 0.05, but not for TCGA. Yet, the overall risk of stage III patients from TCGA was also higher than one (HR = 1:318), and it is similar to that from the KMplotter website (HR = 1:78). As the sample size increases, the P value may be less than 0.05. Hence, this needs further clarification through large scale clinical trials. The time-dependent ROC revealed that F5 could predict the OS in GC. These findings show that F5 may be an independent prognostic factor that negatively predicts survival time in GC patients.
The GSEA is a platform used to identify biological processes. Here, GSEA analysis showed that the high expression of F5 was related to the activation of the Notch signalling pathway and the promotion of membrane lipid biosynthetic process, apical plasma membrane, apical junction complex, reactome glycerophospholipid biosynthesis, and glycerophospholipid metabolism. Genome-wide coexpression analysis indicated that the coexpressed genes play important roles in an integral component of the membrane and metabolic pathways. Several studies have demonstrated the relationship between these biological mechanisms and cancer prognosis. A previous meta-analysis has implicated the participation of the activated Notch signalling pathway in the progression 
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BioMed Research International of gastric cancer [29] . Li et al. also showed that the activation of the Notch signalling pathway regulates the development and progression of gastric cancer [30] . Tight junctions (TJ) located between cells play important roles in paracellular sol-ute transport and cell polarity maintenance. Therefore, defects in TJ structure and function trigger cancer initiation and development [31] . Our results show that the F5 gene is enriched in tight junction-related pathways, such as the 
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BioMed Research International apical junction complex. It is well known that the fatty acid metabolism pathway contributes to the development of cancer [32] . Shu et al. found that abnormal metabolic regulation of glycerophospholipids is associated with the pathogenesis of colorectal cancer [33] . Inhibition of glycerophospholipid biosynthesis by a key enzyme of lysophosphatidic acid acyltransferase β (LPAAT-β) may be a potential therapeutic target for osteosarcoma patients [34] . Henderson et al. found that glycerophospholipid metabolism is enhanced in melanocyte neoplasia in zebrafish where it accelerates tumour progression [35] . Enrichment analysis results show that biosynthesis and metabolism of glycerophospholipids are among the biological pathways involved in cancer progression. Therefore, we speculate that F5, as a potential oncogene, may affect the prognosis of cancer patients through these biological pathways and overexpression of F5 would lead to poor prognosis in GC.
The current study has some limitations. Firstly, the outcomes of survival analysis need further verification because all the research data used were from an open database. Secondly, the mechanism of F5 regulation in tumourigenesis and the progression of gastric cancer were not further explored. Thirdly, the KM plotter data was from multiple databases and the samples were probably collected at different places using different protocols. Fourthly, as TCGA cohort was unable to obtain the clinical information of postoperative chemotherapy of gastric cancer patients, we could not find the relationship between the expression level of the F5 gene and the prognosis of gastric cancer patients receiving postoperative chemotherapy. Meanwhile, as only 34 gastric cancer patients treated with postoperative chemotherapy were provided on the KM-plotter website and the sample size was small, the significant correlation between the expression level of F5 and the prognosis of gastric cancer patients treated with 5-FUbased chemotherapy could not be observed.
Despite these limitations, this is the first study to reveal the association of F5 mRNA expression with the clinical outcome of GC patients. Univariate and multivariate survival analyses reveal that F5 is an independent prognostic factor for OS of GC patients. This conclusion was verified on the KM-plotter website. Thus, F5 may serve as a potential therapeutic target in GC. The genome-wide coexpression and GSEA analysis were also used to reveal the biological pathways that underlie the prognostic role of the F5 gene for OS in GC patients, which can provide guidance for the exploration of its mechanism in the future. Once these results are confirmed, we anticipate that F5 will be applied in clinical settings to monitor the prognosis and develop management and therapeutic strategies for GC.
Conclusions
In conclusion, the current findings show that the F5 gene is upregulated in GC tumour tissues and may be a potential prognostic biomarker for GC. However, these results require further verification.
